Abstract：In this paper, the rainfall characteristics influence on the stability of sandy slope is studied by combining the theoretical analysis and model tests. Firstly, the model test is carried out and the finite element software （Geo-Studio） is used to simulate the seepage process of the slope under different rainfall conditions. The change curves of the pore water pressures in the different positions of the slope are obtained by the model test and numerical simulation. The applicability of the numerical model is verified by comparing the fitting of the pore water pressures curves. Three factors about slope ratio, rainfall intensity and permeability coefficient of sand are discussed through the numerical simulation, and the stability coefficients of slope is obtained by numerical calculation used as the comparison object. The results show that: in rainfall process, through the observation of the model test and numerical simulation of rainfall infiltration process, slope toe was the first to reach saturation where the slope failure starts from. The major factors that affect the stability of the slope from big to small in turn are the slope ratio, the permeability coefficient and rainfall intensity. When the rain intensity increases from 30mm/h to 150mm/h, the stability coefficients of the slope were reduced from 1.323 to 1.095 when it rained for 36 minutes. The curves showed that stability coefficients decrease with the increase of rain intensity, which is approximately linear. The results of this study can provide the references for the failure mechanism of the slope due to rainfall and the slope protection design.
Introduction
Landslide is a kind of natural phenomenon which is very harmful and most of them occur during the course of the rain or after the rain. Rainfall is the main factor that leads to slope failure [1] , especially for sandy slope. So the study on the mechanism of sandy slope failure under different rainfall conditions has a great practical significance and engineering value [2] .
When the rain falls on the slope, the water in the slope body will infiltrate into the pore and the fracture. When the infiltration capacity of the soil is less than the intensity of rainfall, a slope runoff generates, and the transient saturated zone is formed in the slope body [3] . At this time, the water movement in the slope is unsaturated movement. When the sand infiltration capacity is greater than the intensity of rainfall, the infiltration process is controlled by the intensity of the rainfall. General sandy slope surface is dry; cohesion is very small. When the rain infiltrates into slope, the pore water pressure will increase between sand particles. The internal friction angle between the particles decreases, which leads to the decrease of the slope stability and slope failures [4] .
Numerical simulation of sandy slope infiltration
Congo (Brazzaville) No.1 highway sandy slopes are taken as the engineering background, where the general design ratio of slope is 1:1.5. After several strong rains in the rainy season, there is a lot of sandy slope wash out phenomenon, which seriously affects the safety of road projects. Due to the limitation of the local conditions, the field tests are difficult to be carried out. So the infiltration process in different rain conditions is studied by the combination of the model test and the numerical simulation method. The physical and mechanical parameters of sand are determined by the local sand samples. Density is 1.9g/cm3；cohesion is 0.1kPa and internal friction angle is 36°; According to the particle size distribution test, sand grain size in the range of 0.075mm-0.25mm accounts for 89.6%, so the sand is fine sand. Because of the deep buried groundwater, the influence of groundwater is not considered in model tests and numerical simulations, the initial water content of sand is 0%. Model tests are carried out in a long 1.9 m, 0.5 m wide and 1.3 m rectangle model box as shown in Figure 1 -1, the aperture of the rainfall device is 0.3mm； sensor is HC-25 series micro pore water pressure sensor and the bridge circuit resistance is 350Ω and the average sensitivity is 659με 50kPa ⁄ ; The acquisition device is TS3866 type distributed static resistance strain gauge and so on. According to the characteristics of regional rainfall in the Republic of Congo, short intense rainfall is very common. In this experiment, 6 kinds of rainfall intensity（30-150mm/h ） and 5 kinds of slope ratios（1:1.25,1:1.35,1:1.5,1:1.6,1:1.75）are set up considering the local rainfall conditions, and the related test data are obtained from the numerical simulation of slope infiltration. The numerical simulation takes the test model as the research object. According to the actual test model, slope geometry size in numerical simulation: length is 1.3m, high is 0.8m，ratio is 1:1.5. The quadrilateral and triangular grid division are used in numerical model and the length of the element is 0.025m with a total of 1107 node, 1147 units. The physical and mechanical parameters of sand are determined by sandy soil test; the soil permeability coefficient is 0.088m/h. The overall model is shown in figure 1-2 . The SEEP/W function module of Geo-Studio software was used to simulate the infiltration flow. As shown in Figure 2 -1 the trend of the two curves is basically the same. The maximum experimental value of the pore water pressure reaches 1.28kPa, and the maximum calculated value of pore water pressure reached 1.2kPa, the difference between the two is 0.08kPa. It shows that the numerical model can be applied to the simulation analysis of slope infiltration under different rainfall conditions. At this point, the soil-water characteristic curve and permeability function are shown in figure 2-2 and 2-3. 3 Influence of rainfall characteristics on slope stability
Calculation method
Firstly, the slope infiltration model was established by using the SEEP/W function module in the finite element software Geo-Studio, and the numerical simulation was carried out on the slope infiltration process under different rainfall conditions to get the change of pore water pressure at different node positions. Then the pore water pressures are introduced into the SLOPE/W module to get the stability coefficient. And the influences of slope ratio, rainfall intensity and duration on slope stability are discussed. Finally, by comparing the sensitivity values of each influence factor the major factors that affect the stability of the slope from big to small in turn can be found out. The rate of change of the stability coefficient is divided by the rate of change of the influence factor used to evaluate the sensitive value. (F s1 -F sn ) is the change of the stability coefficients and (a 1 -a n ) is the change of the influence factors shown in table 3-1.
Influence of slope ratio on slope stability
In order to get the effect of different slope ratio of slope infiltration, in the numerical simulation (1:1.25, 1:1.35, 1:1.5, 1:1.6 ,1:1.75) five slope ratios were used, other parameters as the basic values. Infiltration process is firstly obtained by numerical simulation. On the basis of the infiltration field and stability calculation module coupling, the relationship of slope stability coefficient with rainfall time under different slope ratio is obtained, as shown in figure 3-1. Matric Suction (kPa)
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In figure 3-1 with the infiltration, the slope stability coefficient decreases with time. Under different slope ratios, the change curves of stability coefficient are similar. In about 1 hour after the stability coefficients tend to be stable, the stability coefficients are between 1 ~ 1.2. To discuss the sensitivity of different slope ratios on slope stability, stability coefficients are selected in Figure 3 -1 corresponding to 0.6 hours (At this time the rate of change is the biggest). The stability coefficients changing with slope ratios diagram are shown in figure 3-2. It can be seen from the figure that when the slope ratios are greater than 1:1.35, the curve slope is larger, which shows that the rainfall infiltration process has a greater impact on the stability of the steep slope. When the slope ratios changes from 1:1.25 to 1:1.75, the slope stability coefficients Fs changes from 1.035 to 1.297. The sensitive value of the influence factors on the sensitivity coefficient is 0.708. 
3-3 Influence of rainfall intensity on slope stability
In order to study the influence of rainfall intensity on the stability of the slope, in different rainfall intensity (30-150mm/h) on the slope infiltration field is simulated, and other parameters remain the basic values. The corresponding slope stability coefficients obtained changing with time is shown in figure 3-3. As can be seen from the figure, with the increase of time, the stability of the slope changes greatly. The slope of the curve changes due to different rainfall intensity is similar. In the same rainfall duration, when the rainfall intensity is greater, the slope stability is decreased fast, but the final value tends to be a similar stable value. In order to discuss the influence of rainfall intensity on slope stability, the stability coefficients at 36min in fig.3-3 are selected (at this time the rate of change is the biggest), and the curve of rainfall intensity changing with rainfall intensity is plotted, shown in figure 3-4. It can be seen from the figure that the stability coefficient decreases with the increase of rainfall intensity, and it is similar to the linear relation. The sensitive value of rain intensity on sensitivity coefficient is 0.215.
3-4 Influence of permeability on slope stability
To get the influence of different sand permeability coefficients on the slope stability under the different conditions of rainfall, six groups of different saturated permeability coefficients (0.01m/h, 0.03m/h, 0.05mm/h, 0.088m/h, 0.1m/h and 0.12m/h) were simulated and calculated. The other parameters keep the basic values. Calculated under different permeability coefficients, the variation curves of slope stability changing with time are shown in figure 3-5. The slope stability coefficients decrease with the rainfall, and when the permeability coefficient is larger, the slope saturates faster, the slope stability coefficient decreases quickly. But the stability coefficients of the slope reach a similar value when the slope reaches the whole saturation under different permeability coefficients. From Figure 5 when the permeability coefficients are small (such as k0.01 and k0.03 is far less than the rainfall intensity), water infiltrates into the slope is less, a lot of water forms a slope runoff. So the stability of the slope decreased slowly. When the permeability coefficients is about 0.01mm/h, the slope infiltration curve is shown in Figure 3 -6 after raining for three hours. When the slope permeability coefficients are large, the slope reaches saturation state in an hour, shown in figure 3-7. According to figure 3-5, the curve of stability coefficients changing with permeability coefficient at 45mins is shown in figure 3 -8(At this time the rate of change is the biggest). From figure 3-8 it can be seen that with the increase of the permeability coefficients, slope stability coefficients show the rule of the first slow after the emergency.
It shows that when the slope is not saturated, the stability coefficients of the slope with smaller permeability coefficients are less affected. With the increase of the permeability coefficients, the stability coefficients of the sandy slope shows a faster downward trend, which shows that the stability of the sandy slope with large permeability coefficients is more affected. The sensitivity value of infiltration coefficient to slope stability can be obtained from the data in figure is 0.261. 
3-6 Sensitivity analysis results
The influence degree of each factor on the stability coefficient of the slope can be obtained by the method of sensitivity analysis, which is measured by the relative change rate of slope stability coefficients and the relative change rate of each factor. The sensitivity of the preceding factors is listed in Table 3-1. The following conclusion can be drawn from the comprehensive analysis of the data in the table 3-1. Among the factors, the effect of slope ratio on the stability of slope is the largest, the permeability coefficient is the second, if not to consider the difference of soil permeability and slope ratio, the main influence factor is the rainfall intensity. In the course of prevention and treatment of the unstable failure of the slope, the method of reducing the slope ratio of the potentially dangerous slope can greatly improve the stability of the slope. 
Conclusion
(1) With the rainfall, the slope stability coefficients decrease with time; under different slope ratios, the change curves of stability coefficient are similar.
(2) The slope of the curve changes due to different rainfall intensity is similar. In the same rainfall duration, when the rainfall intensity is greater, the slope stability is decreased fast, but the final value tends to be a similar stable value.
(3) With the increase of the permeability coefficients, slope stability coefficients show the rule of the first slow after the emergency, when the slope is not saturated, the stability coefficients of the slope with smaller permeability coefficients are less affected. With the increase of the permeability coefficients, the stability coefficients of the sandy slope show a faster downward trend.
(4) According to the results of sensitivity analysis of slope stability, there are many factors, the effect of slope ratio on the stability of slope is the largest, the permeability coefficient is the second, if not to consider the difference of soil permeability and slope ratio, the main influence factor is the rainfall intensity. Therefore in slope design work, steep slope should be avoided.
